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A hybrid algorithm is presented for CEED problem with generation, emission and combustion of fuel & emission cost as 
an objective. The proposed algorithm is combined with both ant lion optimizer and grass hopper optimizations called as 
integrated ant lion grasshopper optimization algorithm (IALGOA). To find an optimal solution for a CEED, the IALGOA is 
proposed in this paper. The IALGOA performance is compared and analyzed with conventional hybrid algorithms like PSO, 
GSA and Adaptive Wind Driven Optimization (AWDO) under standard IEEE 30-bus test system. The presented numerical 
results explain IALGOA algorithm’s excellent convergence characteristics.  
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Introduction 
Nowadays, researchers are looking for some new 
techniques and algorithms to solve power system 
problems. From all the research, it has concluded that 
optimization is the only method in dealing with 
CEED problem.
1
 The innovations for problem 
solving, the optimization techniques came from the 
nature inspired algorithms. Researchers started taking 
a close look at all the species and rounded off a 
solution from their characteristics.
2
 In today’s world, 
the fascinating thing is natured inspired algorithms are 
like Genetic Algorithm (GA), Differential Evolutionary 
Algorithm (DEA) and Swarm Intelligence Algorithm.
3
 
In literature with some improvements in conventional 
algorithms, Particle Swarm Optimization (PSO) is also 
developed.
4
 There are several optimization techniques 
are presented in the literature to specify the issues like 
simulated annealing, genetic algorithms and tabusearch.
5
 




Economic Load Dispatch (ELD) 
The ELD process is essentially designed, to achieve 
load productivity. However, this implementation is not 
quite easy, because of highly nonlinear constrained 
optimization process.
7−9
 Both the cost and minimization 
of emissions with ED is known as CEED. There are 
two contending objectives of the CEED issue. The 
main objective can be depicted as deciding the 
optimum power generation plan from an assortment of 
online based units to satisfy the load demand subject to 
a few physical and operational requirements to 
decrease fuel costs. The second objective is to decide 
the optimal power generation plan from an assortment 
of internet creating units to fulfill the load demand to 
decrease the pollutant emission produced by the 
producing units. All contending objectives must be 
adjusted simultaneously as running the system at low 
cost would bring about higher emissions and 
considering just the restricted ecological effect which 
brings about high system production costs isn't 
sensible. This segment talks about the essential 
elements of the CEED issue together with the 
limitations of decency and inequalities to maintain 
exacting standards to meet the useful requirements of 
the power system. The ED is utilized to reduce the total 
cost of fuel at the CEED problem can be controlled by 
minimization of emission and fuel cost with respect to 
their constraints.
10−14
 This paper concentrated on 
solving the CEED by using proposed hybrid algorithm 
using MATLAB environment and the numerical results 
are compared with conventional algorithms. 
Experimental Details 
Problem Formulation 
CEED is a multi-objective problem; Using Penalty 
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Where, αi, βi, γi, ζi, λi and ai, bi, ci, ei, fi are defined 
as the ith generator emission and fuel coefficients 
respectively, CT is total operational cost in ($/hr), h is 
price penalty factor ($/ton) and W is weighting factor 
lies in between 0 −1. 
 
Hybridization of ALO and GOA 
The proposed approach is a shared execution of 
IALGOA and Grasshopper Optimization Algorithm 
(GOA). The ALO's seek out behavior improves the 
quality of ALO parameters by integrating with GOA 
technique called as Integrated ALO (IALO). The 
steps involved for hybridization of ALO and GOA is 
as follows, 
 
Implementation of ALO 
 
Step 1: Initialization 
Initially, each bus voltage and power loss are given 
as input for implementation of an algorithm. 
 
Step 2: Ant-lion’s Trapping 
The arbitrary walk of ants can be impacted by the 
ant lions pit trapping. So to meet assumptions 
mathematical equations are developed for the model.   
 
Step 3: Trap Construction 
The chasing limit of ALO is displayed by utilizing 
Roulette Wheel (RW). For improving fitness, ant 
lions RW operator is utilized in ALO calculation. This 
technique provides, the fitter in ant lions as a superior 
possibility of getting ants. 
 
Step 4: Ants sliding  
The snares random are essential to move 
comparable to their fitness and ants. In any case, 
when they understand that the pit mid ant lions shoots 
the dirt in a snare outward. The slide conduct in the 
insect as attempting to get away. 
 
Step 5: Pit re-constructing and catching prey   
The last phase of chasing is arrived at insect 
arrived at the base at which the pit is for the most part 
caught in jaw of the subterranean insect lion. The 
insect lion pulls the subterranean insect inside the 
sand and consumes it. The consumed position of ant 
will update the position of ant lion. It further 
improves the catching of new prey chances. 
 
Step 6: Fitness Evaluation 
The fitness function is characterized by the current 
and power parameter variation, in order to limit  
an error. The fitness function is expressed as, Fit = 
Maximization [PLline].  
 
Step 7: Elitism   
The position of ant lion's is spared as best solution 
at each phase to protect the best arrangement 
acquired. The ant moment is impacted by thinking 
best insect lion. By using roulette wheel, elitism 
expected that every arbitrary stroll of insect around 
ant lion as follows, especially and simultaneously for 
the first class. 
 
Step 8: Mutation 
The salps are mutated randomly in the mutation 
process. 
 
Step 9: Final Process  
In the final step, the termination process will start 
when only if an iteration count is reached to the 
maximum value. So that, it determines the 
chromosomes voltage, cost and power chromosomes 
are obtained. 
 
Implementation of GOA: 
 
Step 1: Initialization  
In the first step, GOA’s adjustable parameters need 
to be initialized.  
 
Step 2: Random Solution Generation  
In this step, the random solutions are generated 
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Where i is the random solution generation. 
 
Step 3 & 4: Social Interaction & Fitness Function 
In Eq. (4), m1 function explains the social forces 
strength, which means grasshopper repulsion and 









The population’s fitness is assessed by the 
grasshopper’s position. The multi-objective function 
(mof) and the random solution generation are given in 
Eq. (5). 
In Eq. (6), mof1, mof2, mof3 and mof4 are specified 
as economic cost, emission cost, power loss and 
voltage deviation respectively. 
 
Step 5: Gravity Force 
An arrangement of fascination, safe place and 
aversion locale will be determined from the space in 
between the m1 function and two grasshoppers.  
The estimation of function gets zero, in particular if 
the separation surpasses value of 10. 
 
Step 6: Wind Advection 
The course of wind will exceptionally impact on 
development of youthful grasshoppers. The gravity 
force is measured for estimation. It is also expected 
that, wind consistently focused on value of T. 
 
Step 7: Exploitation and Exploration 
The exploitation and exploration are two ordered 
stages in optimization method. Exploration implies 
that answers for profoundly randomized practices are 
fundamentally altered. More prominent arrangements 
changes leads to further exploration. 
 
Step 8: Position Updating 
The position of grasshopper is updated by a value 
of W.  
 
Step 9: Termination 
In termination step, check for the stopping 
condition or move to step no. 3. If, it isn't fulfilled or 
else finish the inquiry, when the termination condition 
is met, it gives best memory position by accounting 
the problem.  
 
Results and Discussion 
The hybrid IALGOA algorithm is proposed and 
tested under the standard IEEE 30 bus system. The 
testing is carried out in two test cases of the CEED 
problem (i) without valve point effect (ii) with valve 
effect. In this paper, the minimization is carried  
out with three values of weight factors: W=1;  
W=0; W=0.5. 
From the results seen in the Table 1, are best 
solutions obtained by an IALGOA with and without 
valve point effect. From the Table 1, it is clear that the 
value of W=0.5 gives the optimal solution  
when compared with remaining values of weight 
factor (W). 
The results of various algorithms: IALGOA, 
AWDO and PSOGSA with valve point effect are 
shown in Table 2. Among all algorithms, the 
IALGOA shows best results in view of fuel cost 
and Emission. It shows that the fuel cost obtained 
by using IALGOA is 1.23$/hr which is less  
than the valve obtained by using the AWDO is 
1.24$/hr. 
The results of various algorithms: IALGOA, 
AWDO and PSOGSA with valve point effect are 
shown in Table 3. Among all IALGOA shows best 
results, in view of fuel cost and emission. 
Table 1 — Solutions obtained by IALGOA for an IEEE 30 bus system 
Generation (MW) Without Valve point Effect With Valve point Effect 
W=1 W=0 W=0.5 W=1 W=0 W=0.5 
P1 (MW) 120.656 150.626 129.634 174.326 150.684 160.56 
P2 (MW) 57.582 47.852 58.894 49.642 50.354 51.256 
P3 (MW) 37.303 27.135 39.267 21.859 35.015 40.652 
P4 (MW) 29.910 25.984 23.687 21.791 20.672 20.689 
P5 (MW) 21.88 18.594 20.564 13.145 20.546 15.543 
P6 (MW) 22.903 20.231 19.687 12 15.456 12.96 
Fuel Cost($/hr) 888.978 900.468 898.892 887.115 903.345 897.115 
Emission cost(Ton/hr) 0.090291 0.191246 0.098456 0.09329 0.190246 0.097456 
CEED(($/Ton) 905.389 1057.90 1050.69 900.345 1059.78 1044.42 
P loss 2.5964 3.6330 2.5985 1.8979 3.5933 1.94561 
 
Table 2 — Best solution comparisons for the test system with valve point effect for various algorithms 
 
Algorithm 

























IALGOA 899.115 0.09329 1.8979 900.345 903.345 0.190246 3.593 1059.78 897.115 0.097456 1.965 1044.42 
AWDO 894.215 0.09897 1.879 905.456 906.158 0.199578 3.533 1060.15 899.254 0.099658 1.954 1045.89 
PSOGSA 893.248 0.09978 1.880 907.315 907.548 0.198947 3.523 1067.15 899.324 0.099789 1.961 1047.57 





The proposed hybrid IALGOA is flourished to 
resolve CEED problem. The effectiveness of the 
IALGOA has been investigated by comparing with 
conventional algorithms like AWDO and PSOGSA. 
The emission, fuel cost and power loss are determined 
for different weight factors. From the results, it is 
concluded that the proposed algorithm gives excellent 
convergence characteristics, which can be applied to 
other power system problems, to get optimum results. 
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Table 3 — Best solution comparisons for the test system without valve point effect for various Algorithms 
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IALGOA 888.978 0.090291 1.8979 905.389 900.468 0.191246 3.593 1057.90 898.892 0.098456 1.965 1050.69 
AWDO 890.784 0.099489 1.879 908.456 905.795 0.198689 3.533 1064.89 899.798 0.099659 1.954 1055.99 
PSOGSA 895.145 0.0999879 1.880 910.315 909.178 0.199678 3.523 1066.97 899.567 0.099987 1.961 1059.57 
 
